Introduction

25
Mortars are building products that are widely used in construction, principally being 26 applied as rendering and plastering systems to protect the walls. While renders have to 27 resist the action of rain water, plasters must contribute to the indoor air quality and 28 comfort. Therefore plastering mortars must fulfill predetermined requirements. 29
After being neglected for decades, earth-based plastering mortars are nowadays 30 becoming recognized as highly eco-efficient (Maddison et The experimental study presented in this paper involved a ready-mixed earth plastering 56 mortar based on natural earth, sand and plant fibers. The dry ready-mixed product was 57 characterized in the laboratory. The same ready-mixed product was used to produce 58 two sets of mortars. The first was prepared in the field with current mechanical 59 equipment while the second was prepared in controlled laboratory conditions. The 60 mortar prepared on site was used to plaster an experimental brick masonry wall that 61
was being non-destructively tested , and a portion was reserved. 62
Both mortars were characterized in the fresh state and measurements included drying 63
shrinkage. Samples with different dimensions and methods of preparation were 64 produced in the laboratory. The wall plaster and the samples were tested. 65
Characterization of the hardened mortar included visual observation of the plaster 66 applied to the brick masonry test wall and several tests performed on mortar samples 67 to evaluate the mechanical, physical and microstructural properties of the mortar. 68
Hygrothermal properties of the hardened mortars were also studied (sorption-69 desorption isotherms, vapor diffusion and thermal conductivity). The characterization 70 and the test procedures were based on the German standard (DIN, 2013) but also 71 included other standards and specific test procedures implemented by the authors. 72
The influence of differences in the dimensions of samples and the methods for The experimental study presented in this paper was carried out with a ready-mixed 84 earth plastering mortar from the Embarro company (Portugal and Spain), based on 85 natural clayish earth and siliceous sand, both from the Algarve region (South Portugal), 86
and cut oat fibers 1-2 cm long. The ready-mixed mortar was mechanically produced on 87 site using a Putzmeister MP25 mixing and pumping equipment. The same equipment 88 was used for the application of mortar as a plaster on an experimental hollow brick 89 masonry wall having a surface area of 2.2 m x 1.8 m with rain protected exposure to 90 the outdoor environment (Fig. 1) . A portion of this mortar was transported to the 91 laboratory (30 m distance -2 minutes), where it was tested in fresh state conditions 92 and samples were prepared: prismatic samples 40 mm x 40 mm x 160 mm were 93 prepared in metallic molds and a 15 mm-thick mortar layer was applied to the surface 94 of ceramic hollow brick of surface area of 29.5 cm x 19.5 cm (Fig. 1) . The same ready-95 mixed mortar product was mixed in the laboratory for 5 minutes with a mixer blade 96 (commonly used on site), using the same water content as for the on-site mortar. It, 97 too, was tested in fresh state conditions and samples were prepared: disk samples 90 98 mm in diameter and either 15 mm or 20 mm thick were prepared in PVC molds over a 99 polyethylene base and rectangular samples with 200 mm x 500 mm surface and 15 100 mm thick were prepared in metallic molds (Fig. 1) . All the samples were manually 101 compacted and leveled. The prismatic samples were de-molded when hardened and 102 all the samples were allowed to reach equilibrium in controlled environmental 103 conditions at 20±3°C and 65±5% relative humidity (RH The laboratory mortar was also tested for water retention based on draft standard prEN The open porosity was determined by mercury intrusion porosimetry (MIP) and the 232 same technique was used for the determination of pore size distribution. MIP was 233 applied to specimen taken from among the prismatic samples, without the influence of 234 the substrate, but also to specimen of the mortar layer on hollow brick produced in 235 controlled laboratory conditions and samples of the plastering mortar applied on the 236 experimental hollow brick masonry wall, conditioned in the exterior environment 237 protected from rain. It was determined with a Micromeritics Autopore II mercury 238 porosimeter. The masses of the test specimens were stabilized at 40°C and the mortar 239 specimens were prepared so as to occupy the greater part of the 5 cm 3 bulb of the 240 penetrometer volume. Testing began at low pressures ranging from 0.01 MPa to 0.21 241 MPa, followed by high pressure analysis from 0.28 MPa to 206.84 MPa, following a test 242 procedure that is commonly used for lime mortar testing (Grilo et al., 2014) . 243
The average value of loose bulk density and its standard deviation was 1.17±0.01 247 kg/dm 3 . The ready-mixed product had a reddish color and the dry particle size 248 distribution (average of three samples) is presented in Fig. 3 . 249
The results obtained by XRD are shown in Fig. 4 The fine fraction presented an increase of the proportions of clay minerals (illite and 254 kaolinite), which is accompanied by k-feldspar, dolomite, calcite and hematite minerals. 255
The mortar (two batches, produced on site and in the laboratory) showed very good 256 workability when handled. The plaster applied to the brick masonry wall (Faria et al., 257 2014) gave a reddish colored surface without shrinkage cracks. Some dispersed plant 258 fibers could be seen. The average values (and, whenever at least three samples were 259 tested, the standard deviation) of fresh mortar properties are presented in Table 1 . 260
From Table 1 , it can be observed that the fresh state characteristics of the mortars 261 mixed on site and in the laboratory were quite similar, namely in terms of flow table 262 consistency, bulk density and water content, despite the different equipment and 263 conditions used for the mortar production. It is probable that the slightly higher air 264 content and lower bulk density of the mortar mixed on site were due to the mechanical 265 equipment that produced (and projected) the mortar. 266
Another fact that could have influenced the fresh state characterization was the time 267 that elapsed between the contact of the clayish mortar product with water and the 268 moment the tests were performed. In fact the mortar mixed on site was prepared and 269 applied as plaster on several walls before being transported to the laboratory and 270 tested. However, tests performed on samples from both the site and the laboratory 271 It seems that, even if a precision scale is not available, the visual observation of the 302 material sticking to the adhesive tape can be qualitatively compared (Fig. 5) .
The abrasion relief formed on disk samples with the three brushes can be seen in Fig.  309 6. The soft brush, when pressed, exceeded the diameter of the disc. As the abrasion 310 with that brush was almost inexistent, it could not be measured with the mortar on brick 311 sample because of the scale precision. 312
The average and standard deviation of weight loss by abrasion on circular mortar 313 samples and on mortar-on-brick samples after testing with hard, medium and soft 314 brushes are presented in Table 2 . The standard DIN 18947 (DIN, 2013) defines two 315 classes, SI and SII, for mortars considering their weight loss by abrasion and their 316 lower limits are also given in Table 2 . 317
The differences of weight loss by abrasion of the mortar obtained with different brushes 318 are noteworthy. With the soft brush, the mortar would be classified in class SII, while 319 with the other two brushes the mortar does not meet the standard requirement. 320
Bearing in mind that DIN 18947 (DIN, 2013) only defines a plastic brush, it seems that 321 the hardness of the brush should be defined with more precision. The DIN standard 322 also defines that, instead of measuring the weight loss, the disaggregated material 323 should be weighed. That procedure would appear to be less accurate because, due to 324 the abrasion of the brush, some of the material would be scattered and, therefore, it 325 would be difficult to gather and weigh the totality. The results presented in Table 3 show that this mortar can be classified as SI because 335 its flexural strength is not less than 0.3 N/mm 2 , its compressive strength is not less than 336 Table 4 . 389
The capillary test showed that the preparation of the samples ( The thermal conductivity results (average and standard deviation for each type of 410 sample) are presented in Table 5 . on the outdoor protected experimental wall are given in Table 6 . 419
The plastering mortar can be placed in class 1.8 in terms of dry bulk density (DIN, 420 2013) because the bulk density is between 1.61-1.80 kg/dm The mortar showed a very high adsorption capacity, and also the ability to desorb all 461 the water vapor adsorbed. The hygroscopic behavior of the mortar, and of similar 462 mortars analyzed by other authors, leads to the conclusion that this type of earth 463 mortars can indeed contribute to the hygrometric equilibrium and comfort inside 464
buildings. 465
The capillary absorption measurement is not a common requirement for this type of 466 mortars but it enables the assessment of their behavior to be broadened, which may be 467 the samples is crucial for comparison, as the results are more favorable when the 469 lateral waterproofing seems more efficient. Drying capacity can also be easily 470 assessed. The thermal conductivity does not seem as important for common plaster, 471
where the layers are not thick. 472
The dry bulk density determined geometrically is quite reliable. The microstructure is 473 also quite stable when the plaster is applied to different substrates (porous or metallic) 474 and under different environmental conditions (protected exterior or laboratory). 475
The ready-mixed mortar tested fulfilled all the DIN 18947 (DIN, 2013) requirements 476 assessed and showed an appropriate behavior when applied to a hollow brick test wall 477 in protected outdoor conditions. 478
It is expected that the results will contribute to a more generalized use of earth mortars 479 as plasters, or as renders in areas protected from rain, on historic but also on modern 480 masonries. The implementation of an international standard, where test procedures 481 and requirements were defined, would also help to achieve this goal. 
